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On Incorporating Damping and Gravity Effects in Models of 
Structural Dynamics of the SCOLE Configurat ion 


ABSTRACT 


The damping for structural dynamics models of 
flexible spacecraft is usually ignored and then 
added after modal frequencies and mode shapes 
are calculated It is common practice to assume 
the same damping ratio for all modes, although it 
is known that damping due to bending and that 
due to torsion arc different Mass effects on 
damping are sometimes ignored 

It is i-he purpose of this paper to examine two 
ways of including damping m the modeling process 
from its onset First, the partial derivative equations 
of motion are analyzed for a pinned -pinned beam 
with damping. The end conditions are altered to 
handle bodies with mass and inertia for the SCOLE 
configuration Second, a massless beam approxima 
tion is used for the modes with low frequencies and 
a clamped -clamped system is used to approximate 
the modes for arbitrarily high frequency The 
model is then modified to include gravity effects 
and is compared with experimental results 


0 


• Introductory Remarks 

• SCOLE Configuration 

• Partial Differential Equations 

• Pinned-Pinned System with Damping 

• Free-Free System with End Bodies & Damping 

• Massless Beam Approximation 

• Gravity Effects 

• Comparison of Model Frequencies 

• Concluding Remarks 
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Shuttle (and Reflector) Body 
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Damping Considerations 


• The Classical Damping, ^ — Yields Excessive 

^ _I 4 


ds dt 

Excessive Damping at Higher Mode Numbers 

• The Term, 2 is Consistent with experimental 

ds dt 

Data. 

• The Practice of Post- Analysis Addition of 

Damping Ignores Effects of Mass. Stress Type 

• Damping Must be Included from the Start. 
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Distributed Parameter Model of 
SCOLE with "Proportional Damping' 


# Start with Pinned-Pinned Beam with Damping 

• Add Bodies with Inertia at Ends 


• Model Acceleration of Frame as Inertial Loading 

• Extend in Three Dimensions to 

SCOLE Conf iguration. 

• Yields Infinite-Order, Modal, State Equations. 
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Distributed Parameter System 
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|^tassles^Be^imModeI| 

• Exact Static Deflection 

• Approximates Low-Frequency Modes 

• Nonlinear Kinematics 

• Linearized State Space, Modal Model 

• Classical DampinglWorking Proportional) 

• Extended to n-Body Network 
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^Jravit^^ffectsl 

• Assume Cubic Deflection of Beam 

• Express Potential Energy due to the 

Raising of End Body 

• Relate to Stiffness Matrices of the 

Massless Beam Model 

• Incorporate Gravity Effects in the 

Stiffness Matrices 

• Gravity Effects Larger than Structural 

Stiffness 
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Equations of Motion 
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a32 = 5 1 I_F U i l +I kl = - a 36 

a 34 = mjt F u ] = a 38 

a 52 - r,'l-M u r 4 . r k r; l- u r ]• - a 56 

a 54 " 4 l M u'5 F ul" ~ a 58 



I - Moment of Inertia 
m- Mass 

r - Coordinates of attach point 
r - Cross product operator, rx 

Mu.M^,F u> 5: - Stiffness Matrices 
1 - Denotes the Shuttle body 
4 - Denotes the reflector body 
u,^ - Beam deflection and slope 
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program Tuoeoo 
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Of- POOR QUALITY 


REAL I 1, 14, HIM, KIN,m,n4,nU,MRNG,L,nHSS1,MRSS4 
DIMENSION IK13), 1 HN<13), I4<13), I4IN< 13>,A(580>,RflTl<?> 
♦ROT 1T< 13 ), RRT4<? >, RRT4T< 13 >, FU< 13 >, FAN0< 13 >, MU< 13 >, HANG< 13 ) 

*OUM(580),OIJ1<588),EREflL<38)*EinAG<38>,EUEC(580>,DUCK580) ^ 

- . ... DEFINE INERTIA HRTfilCES. .... 

CflLL SET(A,24,24> 

CALL SET<I 1,3,3) 

• 1 <5 >*905443. 


I 1<7)=- 145393. 

11 <9 >=6789 100. 

1 1< 11 >—145393. 

I K 13 >=7886601. 

CflLL SPITO 1,3H ID 
CflLL MflKE(DUH, M) 
CflLL INUR< 1 1, 1 11N> 
CflLL MAKEd 1,0UN> 
CflLL SET< 14,3,3) 

I 4(5 >=4969 
I 4(9 >*4969. 

I4( 13)=9938. 

CflLL SPIT< I4.3H I4> 
CflLL HflKE(0Un, I4> 
CflLL INUR( 14, « 4 1 N > 
CflLL MflKE(l4,DUM> 


CflLL SET(RflT1,3, 1> 

CflLL TILDfl(RAT1,RflT1T> 
CflLL SET(RflT4,3, 1) 
RAT4<5 >=- 18 75 
RflT4<6>=32.5 
CflLL TILDfl(RflT4,RAT4T ) 
MflSS4= 12 . 42 


DEFINE ATTACH POINT UECTOR, MATRIX 


tW ^ T ° REFLECT ° R BOOV 

CALL AOO(AD,RftT4T,-1 . , RflT4T 0UM> 

CflLL SPIT (DUN, 4H DUN) 

CflLL NULT(DUN,DUH,OUN) 


C°LL SP!T(QUM.4H DUN) 

CflLL flDOd., 14,-12. 42,DUN,I4> 
flO= 5*12. 42/( 12 42+ 5*12 42 > 
CflLL RDD<RD,RRT4T,-1.,RRT4T,DUH) 
CflLL f1ULT(DUH,0UN,DUN) 

CALL flOOd , 1476 21, DUN, 14) 

CflLL SP.'T(I4,5H i4NU> 

CflLL INUR< 14, KIN) 

NflSS 1=6366 . 46+ 09556* 130. ( 2 . 
NflSS4=HflSS4+ 09556* 130/2 . 


El =40000000. 
GJ=40000000. 
Efl= 100000000. 
L=130 


BERN SECTION CHARACTERISTICS 


CflLL SET(FU,3,3) 

FU<5 >=- 12 . *£ I /(L*L*L ) 
FU(9 >— 12 . *E I /<L*L*L > 
FU(13)=-Efl/L 


CflLL SET(FflNG,3,3> 
FANG ( 6 )=6 *E I /< L*L ) 
FflHG(8)=FflNG<6) 


SET UP FORCE /OEFLECT I ON MATRIX 


SET UP FORCE/SLOPE ANGLE MATRIX 


C 


CflLL MAKE<NU,FAf1G) 


SET UP MOMENT /DEFLECT I ON MATRIX 


c 


SET UP nOnENT /SLOPE ANGLE I1ATRIX 


♦ 


C 


c 


CflLL SET<t1flNG,3,3) 

HANG<5)— 4.*EI/L 
nHNG(9)=-4 . *E I /L 
HflNGC 13>=-GJ/L 
CflLL SPIT<FU,3H FU) 

CflLL SPIT<FANG,5H FANG) 

CflLL SPIT<HU,3H HU) 

CflLL SPIT<nflMG,3H flflNO) 

CflLCULflTE ELETEMTS 

CflLL HULKRflT 1T,FU,OUH) 

CflLL MULT<DUH,RRT1T,OUN) 

CflLL HULKRflT IT, FANG, OUH) 

CflLL flOOd., Dlt1,-1., OUH, OUH) 

Cfla flOOd., NANG, 1.,0UN,0UN> 

CflLL HULKHU,RRT1T,OUH) 

CflLL AOOd1.,OUH, 1.,OUH,OUH> 

CflLL HULK1 1 1H,OUN,OUM) 

CflLL INSERT( t,4,DUH,fl) 

CflLL flOOd 1.,DUH,0., OUH, OU1) 

CflLL INSERTS 1, 16,0UH,A) 

CflLL HULKRflT IT, FU,DUH> 

CflLL flOOd, MU, 1, OUH, OUN) 

CflLL HULK 111 N,OUH,OUH> 

CflLL IMSERTd, 10,OUH,fl) 

CflLL flOO<- 1 ,DUH,0. ,OUH,OUH) 

CflLL 1 NSERT < 1 , 22, OUH, fl ) 

CflLL I0ENT(DUH,3) 

CflLL INSERTC4, 1,OUH,A> 

CflLL I HSERT < 10, ?, DUH, fl ) 

CflLL INSERK 16, 13,DUH,fl) 

CflLL INSERK22, 19,0UH,fl) 

CflLL MULT <FU, RflT IT, DUH ) 

CflLL flM3d1 . ,OUH, 1 . , FANG, DUN) 
flO-l./HflSSI 

CflLL flDD<flO,0UM,0. ,DUM,OUH) 

CflLL INSERK7,4,DUH,fl) 

CflLL flOOd 1, OUH, 0., OUH, OUH) 

CflLL INSERK?, 16,DUH,fl) 

CflLL AOO<flO,FU,0.,FU,OUH) 

CflLL INSERK7, 10,DUH,fl) 

CflLL ftOOdl . ,OUH,0. , DUH, DUH) 

CflLL INSERT<7,22,0UM,fl) 


CflLL MULKRfiT4T,FU,DUH) 

CflLL MULT<DUM,RftT4T,OUH) 

CflLL MULKRAT4T, FANG, OUH) 
CflLL flOOd., OUH, -1., DUH, OUN) 
CflLL flOO< 1 . ,DUH, 1 . ,MflHG,DUN> 
CflLL HULKMU,RflT4T,0UH) 

CflLL flOOd 1 . , DUH, 1 . , OUN, DUN ) 
CRLL HULK 1 4 IN, DUN, DUM) 

CflLL INSERK 13, 16, OUH, fl) 

CflLL flOOd 1 , DUH, 0. , OUH, DUH) 
CflLL INSERK 13, 4, DUH, fl) 

CflLL MULKRflT4T,FU,0UN> 

CALL flOOd , DUN, )., HU, DUN) 
CflLL HULK I4IN,DUN,DUH) 

CflLL INSERK 13, 22, OUH, fl) 

CflLL flOOd 1., DUH, 0., OUH, DUH) 
CflLL INSERK 13, 10, DUH, fl) 

CflLL HULT <FU, RAT4T, DUH > 

CflLL flDO<-1 . ,DUH, 1. , FANG, DUN) 
AO= 1 . /HASS4 

CflLL flOO<AO,OUN,0.,DUH,OUM> 
CflU INSERT< 19, 16,OUH,fl) 


IN "fl" MATRIX 
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£*-l Aoo<-i.,oun,0.,oun,oun> 

CflLL IMSERT< 19,4,0UM,A) 

CALL AOO<AO,Rj,0.,nj,OUH) 

CALL IMSERTC 19,22,DUTI,A) 

CALL AOO<-1.,OUH,0.,OUH,OUH> 

CALL IMSERT<19, 10,OUM,A> 

OLL E i GOKA ‘ EREAL ’ E I MAG,' EUKJKA^ SHflPES 

CALL SPIT<EREAL,3H REAL) 

CALL SPIT<EIMAG,5H I HAG) 

123 F0ANAT< 1 10,E15.6) 

C 66’ 10 1*4^580 PR,NT NCW ~ ZER0 EL£nENTS ^ "B" MATRIX . 

IF<A<l)*^-.0000000000 1)11 ,, 12 
12 PRIMT 123,I,A<|> ' ' 

11 CONTINUE 
10 CONTINUE 
END 

— EO I /TOP— 
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M 1 2 3 

1 9054E+06 00006+00-. 14546+06 

2 . 00006+00 67896+07 .00006+00 

3 1454E+96 oooe o ee 7087E+07 

•43418836+28 

>4 1 2 3 
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2 . 00006+00 49 ME +04 . 00 0 06*90 
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2 .0000E+00 . O 000 E t 06- .02306*01 
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1 - . 1 1746+03- . 677 1E+02 . 00006+00 

2 - 677 1E+02-. 39066*02 .00ml£+00 

3 0000E+00 . 0000E+00- . 15646+03 

I4NU 1 2 3 

1 . 9342E+04 .25236+04 .00006*00 

2 .25236+04 6424E+04 .00006*00 

3 .00006+00 .00006+00 . 1577E+05 
84589596+12 

FU 1 2 3 

1 -.21856+03 .00006+00 .00006+00 

2 00006+00- . 2 185E+03 .00806+00 

3 .00006+00 .00006+00-. 76926+06 

FANG 1 2 3 

1 0000E+00 .14206+05 .00006+00 

2 .14206+05 .00006+08 00006+08 

3 0O00E+80 00006+00 0000E+00 

HU 1 2 3 

1 00006+00 .14206+05 .00006*0 0 

2 1420E+05 . Q068 E +08 6868 £ *00 

3 0000E+00 . 0000E+00 . 3000E+00 

MflNG 1 2 3 

1 -. 1231E+07 O000E+00 .00006+00 

2 . :o30E+00-. 1231E+07 0000E+00 

3 0000E+00 00006+00- 30776+06 

°ERL 1 

1 -. 1344E-04 

2 - . 9690E-06 

3 -.236 IE-08 

4 - 621 IE- 14 

3 S211E-14 

6 28616-08 

7 .96906-06 

8 . 1344E-04 

9 .0000E+00 

10 0000E+00 

11 .00006+80 
12 .00006+00 

13 .00006+00 

14 .00006+80 

15 . 00006+00 

16 .00006+00 

17 .08006+00 

18 .00006+00 

19 .0000E+00 

20 .00006+00 
21 00006+00 
22 00006+00 
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24 aeeeE+ee 
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7 rwvw . no 

. CTJWX.TW 

S aVWiAA 
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Comparison of Modal Frequencies 


Mode 

P.D.E. 

Finite El. 

Lumped Mass 
*Clampcd 

1 

.278 

.276 

.258 

2 

.314 

.301 

.370 

3 

.812 

.810 

.926 

4 

1.18 

1.18 

1 79 

3 

2.05 

2.03 

2.57 

6 

4.76 

4.77 

4.28* 

7 

5.51 

5.52 

4.28* 

8 

12.3 

12.4 

1 1.89* 
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SCOLE Experiment 

Modal Characteristics 


Small 

Amplitude Amplitude 
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[^oncludin^^en^rl^^J 

• An Infinite-Order State Space Model 

was Developed which Incorporates 
' Proportional" Damping. 

• A Lumped Mass Model of SCOLE was 

Developed which Includes Gravity 
Effects and Classical Damping. 
Extended to n-Body Modeling. 

• Modal Frequencies are Compared r«r 
the SCOLE using Different Methods. 

• Items Remain to be Addressed Before 
SCOLE Modeling is Complete. 
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